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OPTICAL MEASURING INSTRUMENT, AND
WAVELENGTH CALIBRATION METHOD
AND OPTICAL MEASURING METHOD FOR
LIGHT DETECTOR

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Priority Patent Application JP 2008-141042 filed 1n the Japan
Patent Office on May 29, 2008, and Japanese Priority Patent

Application JP 2009-001233 filed 1n the Japan Patent Office
on Jan. 7, 2009, the entire contents of which are hereby

incorporated by reference.

BACKGROUND

[0002] This application relates to an optical measuring
istrument for optically detecting a specimen using a flow
channel. More particularly, the present application relates to
an optical measuring instrument for optically detecting a
specimen which circulates 1n a flow channel, a wavelength
calibration method for a light detector for use with an optical
measuring instrument and an optical measuring method
which uses a wavelength calibration method.

[0003] Inrecentyears, together with the development of the
analysis method, a method has been and 1s being developed
wherein organic fine particles such as cells and microorgan-
1sms or fine particles such as micro beads are circulated 1n a
flow channel and, during such circulation, the fine particles
are measured individually and the measured fine particles are
analyzed or sorted. Technical improvement of the analysis
method called flow cytometry as a representative example of
such a method of analysis or dispensing of fine particles using
a flow channel 1s progressing rapidly.

[0004] The flow cytometry 1s an analysis method wherein
fine particles of an object of analysis are fed mto fluid to form
a train of the fine particles and a laser beam or the like 1s
irradiated upon the lined up fine particles to detect fluorescent
light or scattered light generated from the fine particles to
analyze the fine particles and further carry out sorting of the
fine particles based on a result of the analysis.

[0005] Since an apparatus which carries out the flow
cytometry 1s disadvantageous in that 1t 1s large 1n size and low
in general-purpose properties, a method which uses a micro-
chip wherein a fine flow channel 1s formed 1n a substrate made
of an 1norganic material such as silicon or glass or a high-
molecular material such as plastics has been proposed in
recent years.

[0006] For example, a fine particle sorting microchip has
been proposed and disclosed 1n Japanese Patent Laid-Open
No. 2003-107099 (hereinatter referred to as Patent Document
1). The fine particle sorting microchip disclosed 1n Patent
Document 1 includes a substrate and several elements pro-
vided on the substrate and at least including an introduction
flow channel for mtroducing solution containing fine par-
ticles, a sheath flow forming flow channel disposed at least on
one side of the introduction flow channel, a fine particle
measuring part for measuring the fine particles introduced
thereto, two or more fine particle sorting tlow channels dis-
posed on the downstream with respect to the file particle
measuring parts for sorting and recovering the fine particles,
and two or more electrodes located 1n the proximity of flow
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channel ports from the fine particle measuring parts to the fine
particle sorting flow channels for controlling the moving
direction of the fine particles.

[0007] Meanwhile, a cell analyzing and separating appara-
tus has been proposed and 1s disclosed 1n Japanese Patent
Laid-Open No. 2004-85323 (heremafter referred to as Patent
Document 2). The cell analyzing and separating apparatus
disclosed 1n Patent Document 2 includes a tlow channel into
which fluid containing a specimen to be introduced 1n laminar
flows 1nto a specimen sorting section 1s mtroduced, a pair of
flow channels disposed symmetrically on the opposite sides
of the tlow channel for allowing only the fluid to be intro-
duced thereinto, means for introducing external force into the
specimen sorting section only when the observation speci-
men 1s to be discharged from the specimen sorting section, a
specimen recovering flow channel disposed on the down-
stream side of the tlow channel 1nto which the specimen 1s
introduced so that the fluid containing the specimen from
which only the selected specimen 1s recovered in laminar
flows from the specimen sorting section, and a pair of fluid
paths disposed symmetrically on the opposite sides of the
specimen recovering flow channel for recerving the unneces-
sary specimen discharged thereinto.

[0008] Incidentally, wavelength calibration of a light detec-
tor used 1n optical measurement in which a flow channel 1s
used 1s generally carried out such that a light source which
emits light of a bright line spectrum 1s used to 1rradiate the
light 1n advance on a flow channel before a specimen 1is
circulated 1n the flow channel and the light 1s measured by the
light detector to carry out the wavelength calibration.

SUMMARY

[0009] As described above, wavelength calibration of a
light detector in optical measurement wherein a tflow channel
1s used 1s usually carried out using a light source which emaits
light of a bright line spectrum.

[0010] However, 1n the case of an apparatus which uses a
light source, which emits light of a bright line spectrum, for
illumination, 1t sometimes requires a large condenser lens or
a heat radiation countermeasure and has a tendency that the
s1ze thereof increases.

[0011] Further, where a detector whose spectrum resolu-
tion 1s approximately 10 nm or more 1s used, very small
optical axis adjustment does not allow detection of a spectrum
shift but sometimes makes wavelength calibration rather dif-
ficult.

[0012] Further, a light source which emits light of a bright
line spectrum has a problem that it 1s difficult to irradiate
flashlight upon a flow channel.

[0013] Therefore, 1t 1s desirable to provide a novel tech-
nique which uses a flow channel and can easily carry out
wavelength calibration of a light detector to be used while
achieving miniaturization of an apparatus to be used.

[0014] Investigations have been made about the light
source to be used and recognition of a light source capable of
irradiating light having a spectrum width 1n accordance with
an embodiment of the present application.

[0015] According to an embodiment, there 1s provided an
optical measuring instrument including a flow channel for
allowing a specimen to be circulated therein, a first light
source including a light emitting diode for emitting light to be
used for optical adjustment and/or image confirmation in the
flow channel, a second light source for irradiating light upon
the specimen circulated 1n the flow channel, and a light detec-
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tor for detecting the spectrum intensity of the light emitted
from the first and second light sources.

[0016] The optical measuring instrument may further
include wavelength calibration means for carrying out wave-
length calibration of the light detector based on the spectrum
intensity, detected by the light detector, of the light emitted
from the first light source.

[0017] Inthis instance, although the particular wavelength
calibration method carried out by the wavelength calibration
means 1s not limited particularly, as an example, the wave-
length calibration means may compare a spectrum intensity
distribution, detected by the light detector, of the light emitted
from the light source with a spectrum intensity distribution
determined 1n advance of the light emitting diode to carry out
the wavelength calibration of the light detector.

[0018] The optical measuring instrument may Ifurther
include 1image confirmation means for carrying out image
conformation in the flow channel based on optical informa-
tion generated through the flow channel by irradiating the
light upon the flow channel using the first light source.

[0019] In this instance, although the particular image con-
firmation method carried out by the image confirmation
means 1s not limited particularly, as a example, the first light
source may carry out flashlight irradiation in synchronism
with the circulation of the specimen, and the 1mage confir-
mation means may coniirm the state of the specimen through
an 1mage based on the optical information generated from the
specimen upon the tlashlight irradiation.

[0020] The optical measuring instrument may Ifurther
include light synthesis means for synthesizing the light emait-
ted from the first light source and the light emitted from the

second light source.

[0021] In this instance, although the particular configura-
tion used for the light synthesis means 1s not limited particu-
larly, for example, the light synthesis means may include a
dichroic mirror or a beam splitter.

[0022] The optical measuring instrument may further
include light separation means for separating the light trans-
mitted through the flow channel to light to the light detector

and light to the 1image confirmation means.

[0023] In thus instance, although the particular configura-
tion used for the light separation means 1s not limited particu-
larly, as an example, the light separation means may 1nclude
a ring-shaped mirror.

[0024] Although the type of the light emitting diode which
can be used 1n the optical measuring instrument described
above 1s not limited particularly, preterably the light emitting
diode exhibits a spectrum intensity distribution having a spec-
trum width of 100 nm or more.

[0025] In the optical measuring instrument, a light source
formed from a light emitting diode 1s used 1n place of a related
light source, which emits light of a bright line spectrum, for
wavelength calibration of a light detector. Therefore, minia-
turization of the instrument can be anticipated, and wave-
length calibration of the light detector can be calculated
readily.

[0026] According to another embodiment, there 1s pro-
vided a wavelength calibration method for a light detector,
including a light irradiation step of irradiating light of a light
emitting diode upon a flow channel, a spectrum intensity
acquisition step ol acquiring a spectrum intensity of the light
emitted through the flow channel at the light 1rradiation step,
and a wavelength calibration step of calibrating a detection
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wavelength of a light detector based on the spectrum 1ntensity
distribution acquired at the spectrum intensity acquisition
step.

[0027] Although the wavelength calibration method car-
ried out at the wavelength calibration step 1s not limited
particularly, for example, a method of comparing a spectrum
intensity distribution acquired at the spectrum intensity
acquisition step and a spectrum intensity distribution of the
light emitting diode determined 1n advance with each other to
calibrate the detection wavelength of the light detector can be
used.

[0028] Although the type of the light emitting diode which

can be used 1n the wavelength calibration method described
above 1s not limited particularly, preferably the light emitting
diode exhibits a spectrum intensity distribution having a spec-
trum width of 100 nm or more.

[0029] According to a further embodiment, there 1s pro-
vided an optical measuring method including a first light
irradiation step of 1rradiating light of a light emitting diode
upon a flow channel, a spectrum intensity acquisition step of
acquiring a spectrum intensity of the light emitted through the
flow channel at the first light 1rradiation step, a wavelength
calibration step of calibrating a detection wavelength of a
light detector based on the spectrum intensity distribution
acquired at the spectrum 1ntensity acquisition step, a circula-
tion step of circulating a specimen in the flow channel, a
second light irradiation step of irradiating light upon the
specimen, and an optical information detection step of detect-
ing optical information from the specimen by means of the
light detector.

[0030] Although the wavelength calibration method car-
ried out at the wavelength calibration step 1s not limited
particularly, for example, a method of comparing a spectrum
intensity distribution acquired at the spectrum intensity
acquisition step and a spectrum intensity distribution of the
light emitting diode determined 1n advance with each other to
calibrate the detection wavelength of the light detector can be
used.

[0031] The optical measuring method may further include a
third light irradiation step of wrradiating the light of the light
emitting diode on the flow channel in which the specimen 1s
circulated.

[0032] Inthis instance, the optical measuring method may
further include an 1mage confirmation step of carrying out
image conformation in the flow channel based on optical
information generated through the flow channel at the third
light irradiation step.

[0033] Although the particular image confirmation method
carried out at the image confirmation step 1s not limited par-
ticularly, as an example, at the third light irradiation step,
flashlight irradiation may be carried out 1n synchronism with
the circulation of the specimen, and at the 1image confirmation
step, the state of the specimen may be confirmed based on the
optical information generated from the specimen upon the
flashlight 1irradiation.

[0034] The optical measuring method may further include a
position adjustment step of carrying out position adjustment
of the light detector or an 1mage confirmation means for
carrying out the image confirmation based on optical infor-
mation generated through the flow channel at the first light
irradiation step and/or the third light 1rradiation step.

[0035] Inthis mnstance, the optical measuring method may
turther include a light synthesis step of synthesizing the light
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emitted at the first light irradiation step and/or the third light
irradiation step and the light emitted at the second light irra-
diation step.

[0036] Inthisinstance, although the particular light synthe-
s1s method at the light synthesis step 1s not limited particu-
larly, the light synthesis may be carried out using a dichroic
mirror or a beam splitter.

[0037] Theoptical measuring method may further include a
light separation step of separating the light transmitted
through the flow channel to light to the light detector and light
to the 1mage confirmation means.

[0038] In this instance, although the particular light sepa-
ration method at the light separation step 1s not limited par-
ticularly, for example, the light separation may be carried out
using a ring-shaped mirror.

[0039] Although the type of the light emitting diode which
can be used 1n the optical measuring method described above
1s not limited particularly, preferably the light emitting diode
exhibits a spectrum 1ntensity distribution having a spectrum
width of 100 nm or more.

[0040] Here, a technical term used herein 1s defined. The
term “specimen’” 1s defined as any substance which can be
circulated 1n the tlow channel including cells and microor-
ganisms, fine particles relating to living organisms such as
liposome, DNA and protein, synthetic particles such as latex
particles, gel particles and particles for industrial use and so
forth.

[0041] Additional features and advantages are described 1n,
and will be apparent from, the following Detailed Description
and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0042] FIG. 1 1s a schematic view showing an optical mea-
suring instrument according to an embodiment;

[0043] FIG. 2 1s a schematic view showing an optical mea-
suring istrument according to another embodiment;

[0044] FIGS. 3A and 3B are graphs 1llustrating a method of
comparing a spectrum intensity distribution of a known LED
and a spectrum intensity distribution of measured light with
cach other as an example of a particular wavelength calibra-
tion method carried out by a wavelength calibration section
and a wavelength calibration method;

[0045] FIG. 4 15 a schematic view showing an optical mea-
suring istrument according to a further embodiment;
[0046] FIG. S 1s a flow chart of a wavelength calibration
method according to an embodiment;

[0047] FIG. 6 1s a flow chart of an optical measuring
method according to an embodiment;

[0048] FIG.71sagraphillustrating a result of measurement
of the spectrum of light emitted from a white-light LED using
a popular spectrophotometer in a working example according
to an embodiment; and

[0049] FIG. 81sa graphillustrating a result of measurement
of the spectrum of light emitted from the white-light LED
using an optical measuring instrument 1 the working
example according to an embodiment.

DETAILED DESCRIPTION

[0050] The present application will be described below 1n
greater detail in accordance with an embodiment.

[0051] 1. Optical measuring instrument
[0052] 1-1. Flow channel 11
[0053] 1-2. First light source 12
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[0054] 1-3. Second light source 13
[0055] 1-4. Light detector 14
[0056] 1-5. Wavelength calibration section 135

[0057] 1-6. Image confirmation section 16
[0058] 1-7. Light synthesis section 17
[0059] 1-8. Light separation section 18

[0060] 2. W;Ewef.ength calibration method
[0061] 2-1. Light irradiation step 101 (first light 1rradiation
step 1n the optical measuring method)

[0062] 2-2. Spectrum intensity acquisition step 102
[0063] 2-3. Wavelength calibration step 103
[0064] 3. Optical measuring method

[0065] 3-1. Circulation step 104

[0066] 3-2. Second light 1rradiation step 105
[0067] 3-3. Optical information detection step 106
[0068] 3-4. Third light irradiation step 107

[0069] 3-5. Image confirmation step 108

[0070] 3-6. Position adjustment step 109

[0071] 3-7. Sorting method

[0072] 3-8. Light synthesis step 110

[0073] 3-9. Light separation step 111

[0074] 3-10. Flow of the optical measuring method 100

[0075] <1. Optical Measuring Instrument>

[0076] FIG. 1 schematically shows an optical measuring
instrument 1 according to an embodiment.

[0077] Referring to FIG. 1, the optical measuring 1nstru-
ment 1 shown mcludes a flow channel 11, a first light source
12, a second light source 13, and a light detector 14. As
occasion demands, the optical measuring instrument 1 may
turther include a wavelength calibration section 15, an 1mage
confirmation section 16, a light synthesis section 17 and a
light separation section 18. The components mentioned are
individually described in detail.

[0078] 1-1.Flow Channel 11

[0079] A specimen S 1s circulated in the flow channel 11,
and light 1s 1irradiated from the first light source 12 and the
second light source 13 hereinaiter described at a predeter-
mined location of the flow channel 11 to carry out detection of
various kinds of optical information.

[0080] The form of the flow channel 11 which can be used
in the optical measuring instrument 1 1s not limited particu-
larly, and the flow channel 11 can be designed freely. For
example, the tlow channel 11 1s not limited to such a two-
dimensional or three-dimensional flow channel 11 formed on
a substrate T of plastics, glass or the like as shown 1n FIG. 1,
but also such a flow channel 11 which 1s used 1n a related tlow
cytometer can be used 1n the optical measuring istrument 1.
[0081] Also the tlow channel width, tflow channel depth and
flow channel sectional shape of the flow channel 11 are not
limited particularly but can be designed freely only if the flow
channel can produce laminar flows. For example, also for a
micro flow channel having a flow channel width of 1 mm or
less, the optical measuring instrument 1 can be used. Particu-
larly, 11 a micro flow channel having a flow channel width
equal to or greater than 10 um but equal to or smaller than 1
mm 1s used, then an optical measuring method according to
an embodiment hereinaiter described can be carried out pret-
erably.

[0082] It 1s to be noted that, where the flow channel 11
tormed on the substrate T 1s adopted, preferably the bottom of
the flow channel 11 1s formed from a transparent material.
This 1s because this makes it possible to dispose the light
detector 14 hereinafter described on the opposite side to the
first light source 12 and the second light source 13 with
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respect to the substrate T so that optical information from the
bottom side of the flow channel 11 can be detected.

[0083] 1-2. First Light Source 12

[0084] The first light source 12 1s formed from a light
emitting diode (LED) for allowing optical adjustment and/or
image confirmation in the flow channel 11. More particularly,
LED light 1s 1irradiated from the first light source 12 toward
the flow channel 11, and based on optical information gener-
ated through the flow channel 11, wavelength calibration or
position adjustment of the light detector 14, position adjust-
ment of the image confirmation section 16, optical adjustment
such as position adjustment and so forth between the second
light source 13 or a condensing lens a2 heremaftter described
and the flow channel 11 and 1mage confirmation 1n the flow
channel 11 using the 1mage confirmation section 16 are car-
ried out.

[0085] Although the type of the LED which can be used 1n

the optical measuring instrument 1 1s not limited particularly,
preferably an LED of a spectrum intensity distribution having,
a spectrum width of 100 nm or more 1s used. This 1s because,
il an LED whose spectrum width 1s 100 nm or more 1s used,
then optical axis adjustment after the light emaitted from the
LED 1s spectralized by the light detector 14 can be carried out
casily. A white-light LED 1s an example of the LED of a
spectrum 1ntensity distribution having a spectrum width of
100 nm or more.

[0086] Preferably, an LED having a known spectrum inten-
sity distribution 1s used. This 1s because, 1f an LED having a
known spectrum intensity distribution 1s used, then wave-
length calibration of the light detector 14 can be carried out
readily.

[0087] In the optical measuring instrument 1, since a light
source formed from an LED 1s used in order to carry out
optical adjustment and/or 1mage confirmation in the flow
channel 11, miniaturization of the optical measuring instru-

ment 1 can be implemented without the necessity to use a
condenser lens.

[0088] Further, sincethe LED emits a small amount of heat,
there 1s no necessity to take measures such as a countermea-
sure for heat radiation. Also this contributes to implementa-
tion of miniaturization of the optical measuring instrument 1.

[0089] Further, where the LED 1s used, confirmation of the
light condensing position of the second light source 13 and
image confirmation and optical adjustment by the 1mage con-
firmation section 16 can be carried out over a wide visual

field.

[0090] In addition, since the spectrum of the LED exhibits
not a bright line spectrum but a broad distribution, even where
the resolution of the light detector 14 1s low, a spectrum shift
by very small optical axis adjustment can be detected to carry
out wavelength calibration of the light detector 14.

[0091] 1-3. Second Light Source 13

[0092] The second light source 13 wrradiates light upon the
specimen S circulated in the flow channel 11 to obtain optical
information from the specimen S using the light detector 14.

[0093] Although the type of the light to be 1rradiated from
the second light source 13 1s not limited particularly, in order
to allow fluorescent light or scattered light to be generated
with certainty from the specimen S, light whose direction,
wavelength and intensity are fixed 1s preferably used. As an
example, a laser oran LED can be used. Where a laser 1s used,
although the type of the laser 1s not limited particularly, one,
two or more of an argon 10n (Ar) laser, a helium-neon (He—
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Ne) laser, a dye laser and a krypton (Kr) laser may be freely
used solely or 1n combination.

[0094] 1-4. Light Detector 14

[0095] The light detector 14 detects the spectrum intensity
of light emitted from the first light source 12 and the second
light source 13. More particularly, the light detector 14
detects the spectrum intensity of light emitted through the
flow channel 11 when the first light source 12 1s used to
irradiate light upon the tlow channel 11, and detects the spec-
trum 1ntensity of light emitted from the specimen S when the
second light source 13 1s used to irradiate light upon the
specimen S circulated along the flow channel 11.

[0096] The type of the light detector 14 which can be used
in the optical measuring instrument 1 1s not limited particu-
larly only 1f the light detector 14 can detect the spectrum
intensity of light, and known light detectors can be selectively
used. For example, one, two or more of a fluorescent light
measuring instrument, a scattered light measuring instru-
ment, a transmission light measuring instrument, a retlection
light measuring nstrument, a diffraction light measuring
instrument, an ultraviolet spectrometer, an infrared spectrom-
eter, a Raman spectrometer, an FRET measuring instrument,
a FISH measuring instrument, various other spectrometers, a
multichannel light detector formed from a plurality of light
detectors juxtaposed in an array and so forth can be freely
used solely or 1n combination.

[0097] Although the arrangement location of the light
detector 14 1n the optical measuring instrument 1 1s not lim-
ited particularly only 11 the spectrum 1ntensity of light emitted
from the first light source 12 and the second light source 13
can be detected, preferably the light detector 14 1s arranged on
the opposite side to the first light source 12 and the second
light source 13 with respect to the flow channel 11 as seen 1n
FIGS. 1 and 2. Where the light detector 14 1s arranged on the
opposite side to the first light source 12 and the second light
source 13 with respect to the flow channel 11, the first light
source 12 and the second light source 13 can be arranged with
a higher degree of freedom.

[0098] Further, since the space for the light detector 14
needs not be assured adjacent the first light source 12 and the
second light source 13, also 1t 1s possible to increase the
number of such first light sources 12 or second light sources
13. On the contrary, on the light detector 14 side, since there
1s no necessity to assure the space for any light source, also 1t
1s possible to arrange a plurality of light detectors 14 to carry
out various kinds of measurement at the same time.

[0099] 1-5. Wavelength Calibration Section 15

[0100] The wavelength calibration section 13 1s means for
carrying out wavelength calibration of the light detector 14
based on the spectrum density, detected by the light detector
14, of light generated from the first light source 12.

[0101] Although the particular wavelength calibration
method carried out by the wavelength calibration section 15 1s
not limited particularly, it 1s possible to adopt a method of
carrying out wavelength calibration of the light detector 14 by
comparing the spectrum intensity distribution (refer to FIG.
3B), detected by the light detector 14, of light emitted from
the first light source 12 and the spectrum intensity distribution
(refer to FIG. 3A), determined 1n advance, of LED light same
as that emitted from the first light source 12 with each other.

[0102] 1-6. Image Confirmation Section 16

[0103] Although the image confirmation section 16 1s not
means essentially required by the optical measuring instru-
ment 1, 1t carries out image confirmation in the flow channel
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11 based on optical information generated through the flow
channel 11 when light 1s irradiated upon the flow channel 11
using the first light source 12.

[0104] Where a light source which emits light of a bright
line spectrum 1s used as 1n the related optical measurement to
carry out image confirmation, since the wavelength band 1s
wide, chromatic aberration correction for an image formation
lens 1s required, and there 1s a problem that the size of the
optical measuring instrument itself increases. However, with
the optical measuring instrument 1 according to an embodi-
ment, since an LED 1s used for the first light source, the
wavelength band can be suppressed to a very small bandwidth
in comparison with the related light source. Therefore, the
optical measuring instrument 1 provides such an advantage
that the necessity for chromatic aberration correction for an
image formation lens 1s eliminated and a compact optical
system can be constructed.

[0105] The type of the image confirmation section 16
which can be used 1n the optical measuring instrument 1 1s not
limited particularly only 1f it can carry out image confirma-
tion 1n the flow channel 11, and known devices can be selec-
tively used freely. For example, a detector which uses an area
image pickup element such as a charge coupled device (CCD)
clement, a complementary metal oxide semiconductor

(CMOS) device or the like can be used as the image confir-
mation section 16.

[0106] Although the particular image confirmation method
carried out by the image confirmation section 16 1s not limited
particularly, as an example, a method can be used wherein the
first light source 12 1s used to emait flashlight 1n synchronism
with circulation of the specimen S to confirm a state of the
specimen S such as the position, speed, shape or color through
an 1mage based on optical information generated from the
specimen S.

[0107] Further, the image confirmation section 16 not only
can confirm a state of the specimen S circulated in the flow
channel 11 through an 1mage but also can be used before the
specimen S 1s circulated in the flow channel 11 1n order to
carry out optical adjustment such as wavelength calibration or
position adjustment of the light detector 14, position adjust-
ment of the image confirmation section 16 and position
adjustment of the second light source 13 or the condensing
lens a2 with respect to the flow channel 11 based on optical

information generated through the flow channel 11 when
LED light 1s irradiated from the first light source 12 toward
the flow channel 11.

[0108] 1-7. Light Synthesis Section 17

[0109] The light synthesis section 17 1s means for synthe-
s1zing light emitted from the first light source 12 and light
emitted from the second light source 13. Although the light
synthesis section 17 1s not essentially required by the optical
measuring instrument 1, where the light synthesis section 17
1s provided, the following advantage can be achieved.

[0110] Since the optical measuring mstrument 1 includes
the two light sources, that 1s, the first light source 12 and the
second light source 13, where light beams are irradiated upon
the same position of the flow channel 11, at least one of the
light beams 1s irradiated 1n an oblique direction upon the flow
channel 11. Where light 1s irradiated 1n an oblique direction
upon the tlow channel 11, scattering or retlection of the light
sometimes occurs, and this may have an influence on spec-
trum 1ntensity detection of light or image detection. There-
fore, 1t 1s a possible 1dea to synthesize two beams of light
emitted from the two light sources, that 1s, the first light
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source 12 and the second light source 13, such that a resulting
light beam 1s 1rradiated in a perpendicular direction upon the
flow channel 11.

[0111] However, where a light source which emaits light of
a bright line spectrum and an excitation laser light source are
used as 1n the related optical measurement, that one of bright
line spectrum light wavelengths which overlaps with the
wavelength of the excitation light cannot be used for the light
synthesis, resulting in possibility that the utilization etficient
of the light amount may drop.

[0112] On the other hand, 1n the optical measuring 1nstru-
ment 1, since an LED 1s used as the first light source, synthesis
with the excitation light such as laser light 1s possible, and the
influence of scattering or retlection of light upon spectrum
intensity detection or image detection of light can be reduced.
As aresult, effective optical measurement with a high degree
ol accuracy can be anticipated.

[0113] Further, since the LED light emitted from the first
light source 12 and the excitation light emitted from the
second light source 13 are synthesized and the synthesized
light 1s 1rradiated 1n a perpendicular direction upon the flow
channel 11, also the advantage that the visual field of the
monitor image becomes bright and the visual observability 1s
improved 1n 1mage confirmation by the 1mage confirmation
section 16 1s provided.

[0114] Further, 1f the wavelength of the LED light emaitted
from the first light source 12 1s set sufficiently long 1n com-
parison with the wavelength of the excitation light emitted
from the second light source 13, then the two wavelengths can
be synthesized efficiently by the light synthesis section 17. As
a result, also the advantage that the utilization etficiency of
both of the LED light amount and the excitation light amount
1s raised can be achieved.

[0115] The type of the light synthesis section 17 which can
be used 1n the optical measuring instrument 1 1s not limited
particularly only 11 the light synthesis section 17 can be used
to synthesize the light emitted from the first light source 12
and the light emitted from the second light source 13, and
known devices can be selectively used freely. For example, a
dichroic mirror or a beam splitter can be used as the light
synthesis section 17.

[0116] 1-8. Light Separation Section 18

[0117] The light separation section 18 1s means for sepa-
rating light transmitted through the flow channel 11 into light
to the light detector 14 and light to the 1mage confirmation
section 16. Light formed by synthesis of light emitted from
both of the first light source 12 and the second light source 13
by the light synthesis section 17 and transmitted through the
same location of the flow channel 11 needs be separated 1nto
light to the light detector 14 and light to the 1mage confirma-
tion section 16.

[0118] Thetypeolthe lightseparation section 18 which can
be used in the optical measuring mstrument 1 1s not limited
particularly only 11 1t can separate light transmitted through
the flow channel 11 1nto light to the light detector 14 and light
to the 1mage confirmation section 16, and known devices can
be selectively used freely. For example, a beam splitter or a
ring-shaped mirror can be used.

[0119] Where a beam splitter 1s used, for example, 1T AR
coating (Anti Reflection Coating) 1s applied only to one face,
then light of a predetermined amount can be separated 1nto
light to the light detector 14 and light to the 1mage confirma-
tion section 16. In the optical measuring instrument 1, 1f the
ratio of the light separation is set to 3 to 3% to the image
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confirmation section 16, then the light can be used suificiently
for image confirmation of the arrangement of the flow chan-
nel 11 or the manner 1n the flow channel 11.

[0120] Where the image confirmation section 16 1s used for
position adjustment of the flow channel 11, a nng-shaped
mirror 1s preferably used as the light separation section 18 as
seen from FIG. 4. If a ring-shaped mirror 1s used, then light at
a central portion passes by 100% to the light detector 14, and
consequently, the light detection accuracy on the light detec-
tor 14 1s improved. Further, since light at the ring portion 1s
separated with certainty by the image confirmation section
16, the amount of light suificient for position adjustment of
the flow channel 11 can be assured suiliciently.

[0121] More particularly, for example, position adjustment
can be carried out while the position of the flow channel 11 1s
monitored based on light separated to the image confirmation
section 16 at the ring portion of the ring-shaped mirror.
Simultaneously, since light at the central portion of the ring-
shaped mirror passes by 100% to the light detector 14, the
fluorescent light capturing efficiency from the specimen cir-
culated 1n the flow channel 11 can be improved.

[0122] <2. Wavelength Calibration Method>

[0123] FIG. 51s a flow chart 1llustrating a wavelength cali-
bration method 10 according to an embodiment.

[0124] Referring to FIG. 5, the wavelength calibration
method 10 roughly 1ncludes a light irradiation step 101, a
spectrum 1ntensity acquisition step 102 and a wavelength
calibration step 103. The individual steps are described 1n
detail below.

[0125] 2-1. Light Irradiation Step 101

[0126] At the light irradiation step 101, LED light 1s irra-
diated upon the tlow channel 11.

[0127] Although the type of the LED light used in the
wavelength calibration method 10 1s not limited particularly,
preferably LED light of a spectrum intensity distribution
having a spectrum width of 100 nm or more 1s used. This 1s
because, 1f LED light having a great spectrum width of 100
nm or more 1s used, then optical axis adjustment after spec-
tralization 1s carried out by the light detector 14 can be carried
out easily at the spectrum 1ntensity acquisition step 102. One
of LED lights of a spectrum intensity distribution having a
spectrum width of 100 nm or more 1s white-light LED light.

[0128] Preferably, an LED having a known spectrum inten-
sity distribution 1s used. This 1s because, where an LED
having a known spectrum intensity distribution 1s used, wave-
length calibration can be carried out readily at the wavelength
calibration step 103 hereinafter described.

[0129] According to the wavelength calibration method 10,
since an LED 1s used, there 1s no necessity to use the con-
denser lens. Further, since the LED generates a comparatively
small amount of heat, there 1s no necessity to take a counter-
measure for heat radiation.

[0130] Further, since the LED 1s used, an image confirma-
tion step 108 and a position adjustment step 109 of the optical
measuring method 100 hereinafter described can be carried
out over a wide visual field.

[0131] Inaddition, since the spectrum of the LED indicates
not a bright line spectrum but a broad distribution, even 11 the
resolution of the light detector 14 used in the optical measur-
ing method 100 heremafter described 1s low, a spectrum shaft
by a very small amount of optical axis adjustment can be
detected and wavelength calibration of the light detector 14
can be carried out.
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[0132] 2-2. Spectrum Intensity Acquisition Step 102
[0133] At the spectrum intensity acquisition step 102, the
spectrum intensity of light generated through the flow chan-
nel 11 at the light 1irradiation step 101 1s acquired.

[0134] At the spectrum intensity acquisition step 102, the
acquisition method 1s not limited particularly only 1f the spec-
trum 1ntensity of light can be detected, and known methods
can be selectively used freely. For example, the fluorimetry,
scattered light measurement method, transmission light mea-
surement method, reflection light measurement method, dif-
fraction light measurement method, ultraviolet spectrometry,
inirared spectrometry, Raman spectroscopy, FRET measure-
ment method, FISH measurement method, various other
spectrum measurement method, and a multicolor detection
method by which a plurality of coloring matters can be
detected can be freely adopted solely or in combination.

[0135] 2-3. Wavelength Calibration Step 103

[0136] At the wavelength calibration step 103, wavelength
calibration of the light detector 14 1s carried out based on the
spectrum intensity distribution acquired at the spectrum
intensity acquisition step 102.

[0137] At the wavelength calibration step 103, the method
therefor 1s not limited particularly only 1f wavelength calibra-
tion of the light detector 14 can be carried out. As an example,
a method can be adopted wherein the spectrum intensity
distribution (refer to in FIG. 3B) acquired at the spectrum
intensity acquisition step 102 and the spectrum intensity dis-
tribution (refer to in FIG. 3A), determined 1n advance, of an
LED same as that used at the light irradiation step 101 and are
compared with each other to carry out wavelength calibration
of the light detector 14.

[0138] <3. Optical Measuring Method>

[0139] FIG. 6 1s a flow chart of the optical measuring
method 100.

[0140] Referring to FIG. 6, the optical measuring method

100 roughly includes a first light 1rradiation step 101, a spec-
trum 1ntensity acquisition step 102, a wavelength calibration
step 103, a circulation step 104, a second light irradiation step
105, and an optical information detection step 106. Further, as
occasion demands, the optical measuring method 100 addi-
tionally includes a thurd light irradiation step 107, an 1image
confirmation step 108, a position adjustment step 109, a light
synthesis step 110 and a light separation step 111. In the
tollowing, the individual steps are described in detail. It 1s to
be noted that the first light 1rradiation step 101, spectrum
intensity acquisition step 102 and wavelength calibration step
103 correspond to the first light irradiation step 101, spectrum
intensity acquisition step 102 and wavelength calibration step
103 described hereinabove of the wavelength calibration
method 10 described hereinabove, respectively, and there-
fore, description of the steps mentioned 1s omitted herein to
avold redundancy.

[0141] 3-1. Circulation Step 104

[0142] At the circulation step 104, the specimen S of an
object ol measurement is circulated into the flow channel 11.

[0143] Although the circulation method of the specimen S
into the flow channel 11 1s not limited particularly, for
example, a method wherein the specimen S 1s transported
while being sandwiched by a fluid medium which accelerates
rectification, that is, by sheath flows. If the specimen S 1s
transported 1n this manner, then laminar flows of a sample
flow containing the specimen S can be formed more prefer-
ably. If the fluid medium has a function of accelerating rec-
tification of the sample flow containing the specimen S, then
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although the type of the fluid medium 1s not limited particu-
larly, for example, where the specimen S 1s cells, physiologi-
cal salt solution or the like can be used.

[0144] Preferably, the specimen S 1s modified with a
marker substance such as a fluorescent substance such as a
fluorescent dye, a radioactive substance, an intercalator, or
micro beads so that optical information can be detected at the
optical information detection step 106 hereinafter described.
For example, where a fluorescent dye 1s used, the type of the
same 1s not limited particularly, and any known fluorescent
dye can be used. For example, Cascade Blue, Pacific Blue,
Fluorescein 1sothiocyanate (FITC), Phycoerythrin (PE), Pro-
pidium 1odide (PI), Texas red (TR), Peridinin chlorophyll
protein (PerCP), Allophycocyanin (APC), 4',6-Diamidino-2-
phenylindole (DAPI), Cy3, Cy5, Cy7 and so forth can be
freely used solely or in combination.

[0145] It 1s to be noted that, where the specimen S 1tself
emits light like tfluorescent protein, there 1s no necessity to
modily the specimen S with a marker substance. Further, if a
substance which can vary the fluorescent light color or the
like of the substance by a principle like the principle of FRET
by causing an interaction between substances to proceed in
the flow channel 11 1s used as the specimen S, there 1s no
necessity to modily the specimen S with a marker substance.

[0146] 3-2. Second Light Irradiation Step 105

[0147] At the second light irradiation step 105, light 1s
irradiated upon the specimen S circulated 1n the flow channel
11. The order 1n which the second light irradiation step 105 1s
carried out 1s not limited particularly only 1f 1t 1s carried out
later than the circulation step 104, and 1t may be carried out,
for example, simultancously with the first light 1rradiation

step 101.

[0148] Although the type of the light to be 1irradiated at the
second light irradiation step 105 1s not limited particularly, 1n
order for tluorescent light or scattered light to be generated
with certainty from the specimen S, the light preferably 1s
fixed 1n the light direction, wavelength and light intensity. As
an example, a laser or LED can be used. Where a laser 1s used,
although the type thereof 1s not limited particularly, an argon
ion (Ar) laser, a helium-neon (He—Ne) laser, a dye laser, a
krypton (Kr) laser and so forth may be freely used solely or in
combination.

[0149] 3-3. Optical Information Detection Step 106

[0150] At the optical information detection step 106, opti-
cal information emitted from the specimen S circulated in the
flow channel 11 when light 1s 1rradiated at the second light
irradiation step 105 1s detected using the light detector 14. The
order in which the optical information detection step 106 1s
carried out 1s not limited particularly only if 1t 1s carried out
later than the second light 1rradiation step 105. However,
preferably the optical information detection step 106 1s car-
ried out simultaneously with or after the wavelength calibra-
tion step 103. This 1s because the accuracy in detection of
optical information from the specimen S 1s improved.

[0151] At the optical information detection step 106, the
acquisition method 1s not limited particularly only 11 optical
information from the specimen S can be detected, but known
methods can be freely selected and used. For example, one,
two or more of a fluorimetry, a scattered light measuring,
method, a transmission light measuring method, a retlection
light measuring method, a diffraction light measuring
method, an ultraviolet spectroscopy, a Raman spectropho-
tometry, an FRET measuring instrument, a FISH measuring,
instrument, various other spectrum measuring methods, a
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method which uses a multicolor detection method or the like
which can detect a plurality of coloring matters and so forth
can be freely used solely or in combination.

[0152] 3-4. Third Light Irradiation Step 107

[0153] At the third light irradiation step 107, LED light 1s

irradiated upon the flow channel 11 1n which the specimen S
1s circulated.

[0154] The type of the LED used for irradiation at the third
light wrradiation step 107 1s not limited particularly, and
known LEDs can be freely selected and used. For example, 11
the LED used at the first light irradiation step 101 1s used as 1t
1s, then this 1s convenient because there 1s no necessity to
prepare a predetermined LED light sources.

[0155] It 1s to be noted that the third light irradiation step
107 may be carried out, for example, simultaneously with or
before or after the second light 1irradiation step 105 as seen in
FIG. 6 or may be carried out simultaneously with or before or
alter the optical information detection step 106 only 1f 1t 1s
carried out later than the circulation step 104. Further, where
the first light 1rradiation step 101 1s carried out after the
circulation step 104 1s carried out, it 1s possible for the first
light wrradiation step 101 to play the role of the third light
irradiation step 107 simultaneously.

[0156] 3-5. Image Confirmation Step 108

[0157] At the image confirmation step 108, 1mage confir-
mation in the flow channel 11 1s carried out based on optical
information generated through the flow channel 11 upon irra-
diation of LED light at the third light 1irradiation step 107.
[0158] At the image confirmation step 108, the confirma-
tion method 1s not limited particularly only 1f 1image confir-
mation 1n the flow channel 11 can be carried out, and known
methods can be freely selected and used. For example, a
confirmation method which uses an area 1image pickup ele-
ment such as a charge coupled device (CCD) element, a
complementary metal oxide semiconductor (CMOS) device
or the like can be used as the confirmation method.

[0159] Although the particular image confirmation method
at the image confirmation step 108 1s not limited particularly,
as an example, a method 1s used wherein flashlight 1rradiation
of LED light 1s carried out 1in synchronism with the circulation
of the specimen S at the third light irradiation step 107 and the
state of the specimen S such as the position, speed, shape or
color 1s confirmed from an image based on optical informa-
tion emitted from the specimen S upon the flashlight irradia-
tion.

[0160] Itisto benoted thatthe image confirmation step 108
may be carried out, for example, simultaneously with or
betore or after the second light irradiation step 103 or may be
carried out simultaneously with or before or after the optical
information detection step 106 only 1if 1t 1s carried out later
than the third light 1rradiation step 107.

[0161] 3-6. Position Adjustment Step 109

[0162] Attheposition adjustment step 109, position adjust-
ment of the light detector 14 or the wavelength calibration
section 15, which carries out image confirmation, 1s carried
out based on optical information generated through the flow
channel 11 when the first light irradiation step 101 and/or the
third light irradiation step 107 1s carried out.

[0163] More particularly, position adjustment and so forth
of the light detector 14, the image confirmation section 16,
and the second light source 13 and condensing lens a2 which
carry out the second light irradiation step 105 with respect to
the flow channel 11 are carried out based on optical informa-
tion generated through the flow channel 11 upon irradiation of
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LED light toward the flow channel 11 at the first light irra-
diation step 101 and/or the third light irradiation step 107.

[0164] Itisto be noted that, although the order in which the
position adjustment step 109 1s carried out 1s not limited
particularly only 11 it 1s carried out later than the first light
irradiation step 101 and/or the third light irradiation step 107,
preferably the position adjustment step 109 1s carried out, for
example, simultaneously with or before or after the spectrum
intensity acquisition step 102 as seen 1 FIG. 6. This 1s
because, if the position adjustment step 109 1s carried out later
than the spectrum intensity acquisition step 102, then there 1s
the possibility that the spectrum intensity obtained may be
varied by the change of the position of the light detector 14 or
the 1mage confirmation section 16.

[0165] 3-7. Sorting Step

[0166] A sorting step may be carried out later than the

optical information detection step 106 and/or the 1mage con-
firmation step 108 although this 1s not essentially required 1n
the present application. At the sorting step, sorting of the
specimen S 1s carried out based on optical information of the
specimen S obtained at the optical information detection step
106 and/or the image confirmation step 108.

[0167] As a particular example, though not shown, flow
channels for sorting are formed on the downstream of the flow
channel 11, and the specimen S can be sorted using a detlec-
tion plate D or the like into the flow channels based on
information of the size, form, internal structure and so forth of
the specimen S obtained at the optical information detection
step 106 and/or the image confirmation step 108.

[0168] 3-8. Light Synthesis Step 110

[0169] At the light synthesis step 110, light emitted at the
first light 1irradiation step 101 and/or the third light 1rradiation
step 107 and light emitted at the second light irradiation step
105 are synthesized. Although the light synthesis step 110 1s
not essentially required for the optical measuring method
100, where the light synthesis step 110 1s carried out, the
following advantage can be anticipated.

[0170] Since the optical measuring method 100 includes at
least two steps of rradiating light (first light 1rradiation step
101, second light irradiation step 105 and third light 1rradia-
tion step 107), 11 the steps are carried out simultaneously to
irradiate light, then at least one of the light beams 1s 1rradiated
in an oblique direction upon the tlow channel 11. I light 1s
irradiated 1n an oblique direction upon the flow channel 11,
then the scattering or reflection may occur, which may pos-
sibly have an influence on spectrum intensity detection of
light or 1mage detection. Therefore, it 1s a possible 1dea to
synthesize the beams of light generated at the individual steps
such that a resulting light beam 1s 1irradiated 1n a perpendicular
direction upon the tflow channel 11.

[0171] However, where a light source which emits light of
a bright line spectrum and an excitation laser light source are
used as 1n the related optical measurement, that one of bright
line spectrum light wavelengths which overlaps with the
wavelength of the excitation light cannot be used for the light
synthesis, resulting in possibility that the utilization efficient
of the light amount may drop.

[0172] On the other hand, 1n the optical measuring method
100, since an LED 1s used at the first light 1irradiation step 101
and the third light irradiation step 107, synthesis with the
excitation light such as laser light 1s possible, and the 1nflu-
ence of scattering or reflection of light upon spectrum inten-
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sity detection or image detection of light can be reduced. As
a result, effective optical measurement with a high degree of
accuracy can be anticipated.

[0173] Further, where LED light emitted at the third light
irradiation step 107 and excitation light generated at the sec-
ond light 1irradiation step 105 are synthesized and the synthe-
s1zed light 1s irradiated 1n a perpendicular direction upon the
flow channel 11, this gives rise to an advantage that, 1n image
confirmation at the image confirmation step 108, the visual
field of the monitor image becomes bright and the visual
observability 1s improved.

[0174] Further, where the wavelength of the LED light
generated at the first light 1rradiation step 101 and the third
light irradiation step 107 1s set suiliciently longer than the
wavelength of excitation light generated at the second light
irradiation step 105, the two wavelengths can be synthesized
cificiently at the light synthesis step 110. As a result, also an
advantage that the utilization efficiency of both of the LED
light amount and the excitation light mount 1s enhanced 1s
achieved.

[0175] The particular method at the light synthesis step 110
in the optical measuring method 100 1s not limited particu-
larly only 1f light emaitted at the first light irradiation step 101
and/or the third light 1rradiation step 107 and light emaitted at
the second light irradiation step 105 can be synthesized, and
known methods can be freely selected and used. For example,
a dichroic mirror (DCM) or a beam splitter may be used for
the light synthesis.

[0176] 3-9. Light Separation Step 111

[0177] At the light separation step 111, light transmatted
through the tlow channel 11 1s separated into light to the light
detector 14 and light to the image confirmation section 16. It
1s necessary to separate light formed by synthesis of light
emitted at the first light irradiation step 101 and/or the third
light 1rradiation step 107 and light emitted at the second light
irradiation step 105 at the light synthesis step 110 and trans-
mitted through the same location of the flow channel 11 into
light to the light detector 14 and light to the 1mage confirma-
tion section 16.

[0178] The particular method at the light separation step
111 1n the optical measuring method 100 1s not limited par-
ticularly only 1f light transmitted through the flow channel 11
can be separated into light to the light detector 14 and light to
the 1image confirmation section 16, and known methods can
be freely selected and used. For example, a method which
uses a beam splitter or a rning-shaped mirror can be used.

[0179] Where a beam splitter 1s used, for example, if AR
coating (Anti Reflection Coating) 1s applied only to one face,
then light of a predetermined amount can be separated 1nto
light to the light detector 14 and light to the 1mage confirma-
tion section 16. In the optical measuring method 100, 11 the
ratio of the light separation is set to 3 to 5% to the image
confirmation section 16, then the light can be used suificiently
for image confirmation of the arrangement of the flow chan-
nel 11 or the manner 1n the flow channel 11.

[0180] Where the image confirmation step 108 1s carried
out for position adjustment of the flow channel 11, a ring-
shaped mirror 1s preferably used to carry out the light sepa-
ration step 111. If a ring-shaped mirror 1s used, then light at a
central portion passes by 100% to the light detector 14, and
consequently, the light detection accuracy on the light detec-
tor 14 1s improved. Further, since light at the ring portion 1s
separated with certainty to the image confirmation section 16,
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the amount of light sufficient for position adjustment of the
flow channel 11 can be assured sufficiently.

[0181] More particularly, for example, position adjustment
can be carried out while the position of the flow channel 11 1s
monitored based on light separated to the image confirmation
section 16 at the ring portion of the ring-shaped mirror.
Simultaneously, since light at the central portion of the ring-
shaped mirror passes by 100% to the light detector 14, the
fluorescent light capturing efficiency from the specimen cir-
culated 1n the flow channel 11 can be improved.

[0182] 3-10. Flow of the Optical Measuring Method 100

[0183] An example of a particular flow of the optical mea-
suring method 100 described above 1s described with refer-
ence to FIG. 1 1n which the optical measuring instrument 1 1s
shown.

[0184] First, LED lightirradiation upon the flow channel 11
formed on the substrate T is carried out using the first light
source 12 at the first light 1rradiation step 101 to adjust the
position of the image confirmation section 16 so that the tlow
channel 11 1s projected to the 1mage confirmation section 16.
The positional relationship between the tlow channel 11 and
the 1mage confirmation section 16 can be adjusted 1n this
manner at the position adjustment step 109.

[0185] Then, 1n a state wheremn the spatial filter dl1 1is
removed, the LED light transmitted through the flow channel
11 1s projected to the light detector 14. At this time, 11 a paper
sheet or the like 1s placed on the surface of the light detector
14, then the state wherein the spectralized LED light 1s pro-
jected can be observed readily. Although an image of the tlow
channel 11 1s projected simultaneously with the LED light,
the position of the light detector 14 1s adjusted so that the
image 1s disposed at the center of the light detector 14 and can
be observed definitely. The positional relationship between
the flow channel 11 and the light detector 14 can be adjusted
in this manner at the position adjustment step 109.

[0186] Then, in addition to the LED light, for example, a
laser beam 1s 1rradiated from the second light source 13 upon
the flow channel 11. At this time, part of the laser beam
transmitted through the flow channel 11 1s reflected by abeam
splitter b2 and most of the reflected light 1s cut by a band cut
filter c1. However, very small part of the reflected light 1s
transmitted through the band cut filter ¢c1 and comes to the
image confirmation section 16. The position of the laser and/
or the position of the condensing lens a2 are adjusted while
the image of the image confirmation section 16 1s observed so
that a spot of the laser coming to the image confirmation
section 16 1s 1irradiated 1n a desired spot size upon a desired
position of the flow channel 11. The positional relationship
between the second light source 13 and the flow channel 11
can be adjusted 1n this manner at the position adjustment step
109. Although the arrangement regarding at which position of
the tflow channel 11 light 1s irradiated on the flow channel 11
on the screen of the 1mage confirmation section 16 cannot be
confirmed only through irradiation from the second light
source 13, 1f LED light irradiation 1s carried out using the first
light source 12, then the positional relationship between the
flow channel 11 and the light irradiation spot can be con-
firmed readily 1n this manner.

[0187] Then, the spatial filter d1 which has been removed 1s
mounted back, and the first light source 12 1s turned off. In this
state, the specimen S modified, for example, with a fluores-
cent dye 1s circulated in the flow channel 11. Consequently,
part of fluorescent light excited by a laser beam L irradiated
from the second light source 13 comes to and 1s spectralized
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by a diffraction grating €l and then projected on the light
detector 14. The position of the spatial filter d1 1s adjusted so
that the projected tluorescence spectrum 1s projected to the
inside of an effective area of the light detector 14. The posi-
tional relationship between the laser irradiation position on
the flow channel 11 and the spatial filter d1 can be adjusted in
this manner.

[0188] Then, the specimen S 1n the flow channel 11 1is
discharged once, and the second light source 13 1s turned off
and the first light source 12 1s turned on to irradiate LED light
upon the tlow channel 11 at the first light irradiation step 101.
Part of the LED light transmitted through the flow channel 11
1s projected 1n a spectralized state to the light detector 14.
Then, the paper sheet placed on the light detector 14 1s
removed and the spectrum intensity distribution 1s acquired
by the light detector 14 at the spectrum intensity acquisition
step 102. Then, the detected spectrum distribution 1s com-
pared with the LED light spectrum distribution determined in
advance to calibrate the detection wavelength of the light
detector 14 at the wavelength calibration step 103.

[0189] Then, the first light source 12 1s turned oif and the

specimen S modified, for example, with a fluorescent dye 1s
circulated into the flow channel 11 at the circulation step 104.
The second light source 13 i1s used to 1rradiate, for example,
the laser beam L on the specimen S circulated in the flow
channel 11 at the second light irradiation step S105. Conse-
quently, part of tfluorescent light excited by the laser beam L
comes to and 1s spectralized by the diffraction grating €1 and
can be detected by the light detector 14 at the optical infor-
mation detection step 106.

[0190] On the other hand, the first light source 12 1s used to
irradiate LED tlashlight upon the flow channel 11 1n synchro-
nism with the circulation of the specimen S at the third light
irradiation step 107. At this time, where the 1rradiation of the
laser beam L at the second light 1rradiation step 103 and the
flashlight 1rradiation of the LED light at the third light 1rra-
diation step 107 are carried out simultaneously, also it 1s
possible to use a beam splitter or a DCM to synthesize the
laser beam L and the LED light at the light synthesis step 110.
In this instance, the synthesized light incident to the flow
channel 11, for example, the light going out from the flow
channel 11, 1s captured by a condensing lens a3, and the light
separation section 18 such as a beam splitter or a ring-shaped
mirror coated on only one face thereof 1s used to separate a
predetermined amount of light to the image confirmation
section 16 at the light separation step 111.

[0191] Then, by confirming optical information generated
through the flow channel 11 upon the LED flashlight irradia-
tion by the image confirmation section 16, the state of the
specimen S such as the position, speed, shape or color can be
confirmed based on an 1image at the image confirmation step
108. It 1s to be noted that, at this time, as a result of the LED
flashlight 1rradiation, the spectrum of the LED light 1s some-
times superposed on the value detected at the optical infor-
mation detection step 106, and therefore, attention should be
paid.

[0192] If, after the series of steps described above, 1t 1s tried
to exchange the substrate T to carry out subsequent measure-
ment, then 1t the LED light 1s 1rradiated on the flow channel 11
formed on the new substrate T using the first light source 12
and the adjustment 1s carried out so that the flow channel 11
comes to the predetermined position on the screen of the
image confirmation section 16, then optical measurement can
be carried out again with a high degree of reproducibility. In
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this manner, since the position of the second light source 13,
light detector 14 and so forth 1s 1n a state adjusted relative to
the 1mage confirmation section 16, the adjustment can be
carried out readily only by confirmation on the screen of the
image confirmation section 16.

WORKING EXAMPLE 1

[0193] Inaworking example 1, a white-light LED was used
to carry out wavelength calibration of a light detector.
[0194] First, the spectrum of light from the white-light LED
was measured using a popular spectrophotometer. As a result,
a wavelength, a half value width (wavelength at which the
intensity assumes a half value) and so forth of peaks existing
in a spectrum distribution were obtained.

[0195] A result of the measurement 1s 1llustrated 1n FIG. 7.
As seen 1n FI1G. 7, the first peak wavelength was 470 nm, and
the second peak wavelength was 560 nm. Further, as the value
at which the half value intensity 1s exhibited, such values as
455 nm and 480 nm on the opposite sides of the first peak and
650 nm on the long wavelength side of the second peak were
obtained. It 1s to be noted that, since the half value wavelength
on the shorter wavelength side of the second peak was lifted
by the first peak, no value was obtained.

[0196] Then, in the optical measuring instrument shown 1n
FIG. 1, a light source formed from a white-light LED was
installed as the first light source to carry out spectrum inten-
sity distribution measurement on a multichannel PMT.
[0197] A result of the measurement 1s 1llustrated 1n FIG. 8.
The measurement result was fitted to the spectrum intensity
distribution illustrated i FIG. 7 to carry out wavelength cali-
bration of the multichannel PMT. More particularly, the two
fitting wavelengths of 400 nm and 700 nm are used to carry
out wavelength calibration of the multichannel PMT.

[0198] It is to be noted that, while, 1n the present embodi-
ment, the fitting wavelengths at two points are used to carry
out wavelength calibration, 1n order to further raise the accu-
racy, also 1t 1s possible to carry out fitting with a plurality of
wavelengths. Further, also where the light detector for detect-
ing the spectrum intensity has nonlinearity, calibration can be
carried out more accurately by carrying out fitting by poly-
nomial approximation.

WORKING EXAMPLE 2

[0199] In a working example 2, the optical measuring
istrument 1 was used to carry out light synthesis and light
separation by the optical measuring method to carry out
image confirmation. In the present working example, as an
example of the LED light to be emitted from the first light
source, LED light 1n a wavelength band having a half value
width of approximately 20 nm with respect to the center of the
wavelength of 630 nm was used. Meanwhile, as an example
ol light to be emitted from the second light source, excitation
laser light of a wavelength of 488 nm was used.

[0200] First, the LED light emitted from the first light
source 12 and the excitation laser light emitted from the
second light source 13 were synthesized using a DCM, that s,
the light synthesis section 17. The synthesized light was irra-
diated upon the flow channel 11 through the condensing lens
a2. Thereupon, the LED light used for the synthesis was
successiully 1rradiated upon the flow channel 11 suificiently.

[0201] Then, the light emitted from the tlow channel 11 was
captured by the condensing lens a3, and a beam splitter coated
with an AR coating only on one face thereof was used to
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separate an amount of light of approximately 4% to the CCD
side, that 1s, to the 1image confirmation section 16 side. The
separated light flux was 1rradiated upon the CCD, that 1s, upon
the image confirmation section 16, to form an 1image thereby
to monitor the arrangement of the flow channel 11 or the
manner 1n the mside of the flow channel 11.

[0202] Then, a ring-shaped mirror, that 1s, the light separa-
tion section 18, was arranged in place of the beam splitter
described above such that a ring portion of light emitted from
the flow channel 11 was separated to the CCD, that 1s, to the
image confirmation section 16 and a central portion of the
light was separated to the light detector 14. Although the
image on the CCD, that 1s, on the 1mage confirmation section
16, had no central portion, the position adjustment of the tlow
channel 11 was carried out successiully without any problem.
Further, since the light at the central portion passed by 100%
to the light detector 14 side, the fluorescent light acquisition
eificiency of the light detector 14 exhibited significant
enhancement.

[0203] From the result of the working example 2, it was
found that, by setting the wavelength of light to be emaitted
from the first light source 12 longer than the wavelength of
light to be emitted from the second light source 13, the light
synthesis section 17 was able to carry out the light synthesis
while maintaining a high efficiency. Also it was found that, as
the amount of light to be separated to the image confirmation
section 16, approximately 4% was suilicient for image con-
firmation, and the light amount of loss to the light detector 14
side was very small.

[0204] It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without depart-
ing from the spirit and scope and without diminishing 1ts
intended advantages. It 1s therefore intended that such
changes and modifications be covered by the appended
claims.

The application 1s claimed as follows:
1. An optical measuring instrument, comprising:

a flow channel for allowing a specimen to be circulated
therein;

a first light source including a light emitting diode for
emitting light to be used for optical adjustment and/or
image confirmation in said flow channel;

a second light source for irradiating light upon the speci-
men circulated 1n said flow channel; and

a light detector for detecting the spectrum intensity of the
light emitted from said first and second light sources.

2. The optical measuring instrument according to claim 1,
further comprising wavelength calibration means for carry-
ing out wavelength calibration of said light detector based on
the spectrum intensity, detected by said light detector, of the
light emitted from said first light source.

3. The optical measuring instrument according to claim 2,
wherein said wavelength calibration means compares a spec-
trum 1ntensity distribution, detected by said light detector, of
the light emitted from said light source with a spectrum inten-
sity distribution determined 1n advance of said light emitting
diode to carry out the wavelength calibration of said light
detector.

4. The optical measuring instrument according to claim 1,
further comprising 1mage confirmation means for carrying
out image conformation in said flow channel based on optical
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information generated through said flow channel by 1rradiat-
ing the light upon said flow channel using said first light
source.

5. The optical measuring instrument according to claim 4,
wherein said first light source carries out tlashlight irradiation
in synchronism with the circulation of the specimen, and said
image confirmation means confirms the state of the specimen
through an 1image based on the optical information generated
from the specimen upon the tlashlight 1rradiation.

6. The optical measuring instrument according to claim 1,
turther comprising light synthesis means for synthesizing the
light emitted from said first light source and the light emitted
from said second light source.

7. The optical measuring mstrument according to claim 6,
wherein said light synthesis means includes a dichroic mirror
or a beam splitter.

8. The optical measuring mstrument according to claim 4,
turther comprising light separation means for separating the
light transmitted through said flow channel to light to said
light detector and light to said image confirmation means.

9. The optical measuring instrument according to claim 8,
wherein said light separation means includes a ring-shaped
mirror.

10. The optical measuring instrument according to claim 1,
wherein said light emitting diode exhibits a spectrum inten-
sity distribution having a spectrum width of 100 nm or more.

11. A wavelength calibration method for a light detector,
comprising;

a light 1rradiation step of irradiating light of a light emitting

diode upon a flow channel;

a spectrum intensity acquisition step of acquiring a spec-
trum intensity of the light emitted through the flow chan-
nel at the light irradiation step; and

a wavelength calibration step of calibrating a detection
wavelength of a light detector based on the spectrum
intensity distribution acquired at the spectrum intensity
acquisition step.

12. An optical measuring method, comprising;:

a first light 1rradiation step of irradiating light of a light
emitting diode upon a tlow channel;

a spectrum 1ntensity acquisition step of acquiring a spec-
trum 1ntensity of the light emitted through the flow chan-
nel at the first light 1rradiation step;

a wavelength calibration step of calibrating a detection
wavelength of a light detector based on the spectrum
intensity distribution acquired at the spectrum intensity
acquisition step;

a circulation step of circulating a specimen in the flow
channel;
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a second light irradiation step of wrradiating light upon the
specimen; and

an optical information detection step of detecting optical

information from the specimen by means of the light
detector.

13. The optical measuring method according to claim 12,
turther comprising a third light 1rradiation step of irradiating
the light of the light emitting diode on the flow channel in

which the specimen 1s circulated.

14. The optical measuring method according to claim 13,
turther comprising an 1mage confirmation step of carrying out
image conformation in the flow channel based on optical
information generated through the flow channel at the third
light irradiation step.

15. The optical measuring method according to claim 14,
wherein, at the third light irradiation step, tlashlight irradia-
tion 1s carried out in synchronism with the circulation of the
specimen, and at the image confirmation step, the state of the
specimen 1s confirmed through an 1mage based on the optical

information generated from the specimen upon the flashlight
irradiation.

16. The optical measuring method according to claim 12,
turther comprising a position adjustment step of carrying out
position adjustment of the light detector or an 1mage confir-
mation means for carrying out the image confirmation based
on optical information generated through the flow channel at
the first light 1irradiation step and/or the third light 1irradiation
step.

17. The optical measuring method according to claim 12,
turther comprising a light synthesis step of synthesizing the
light emitted at the first light 1rradiation step and/or the third
light 1irradiation step and the light emitted at the second light
irradiation step.

18. The optical measuring method according to claim 17,
wherein, at the light synthesis step, the light synthesis 1s
carried out using a dichroic mirror or a beam splitter.

19. The optical measuring method according to claim 16,

further comprising a light separation step of separating the
light transmitted through the flow channel to light to the light
detector and light to the 1mage confirmation means.

20. The optical measuring method according to claim 19,
wherein, at the light separation step, the light separation 1s
carried out using a ring-shaped mirror.
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